The first significantsuccesses with human liver transplantation took place only in 1968, but the future for this new surgical procedure now seems assured. Its success is heavilydependent upon the provision of pathology services, in particular from clinical biochemistry. The experiences with some of the 39 British liver transplants carried out so far are recorded. At operation, a minimum of 20 technician-hours, usually outside normal working hours, is called for. In the immediate post-operative period, intensive biochemical monitoring is essential. Once the major homeostatic mechanisms are re-established after surgery, the principal biochemical investigations are those of organ function. While no specific test for rejection is yet available, the diagnosis of rejection can be made from results of the routine pathology investigations. The role of the clinical biochemistry laboratory in the management of these patients is to provide reliableresultssevendays a week on a range of tests. The clinical biochemist is also well placed to contribute to the solution of some of the outstanding problems of organ transplantation.
The transplantation of a variety of organs is now becoming an important additional tool of the surgeon for returning patients to normal life and health. While many problems still exist in this field, it is possible to look forward with optimism (Caine, 1971) . Sufficient information has now been accumulated on the histocompatibility and blood group compatibility requirements, on organ preservation during its transfer from donor to recipient, on suppression of immune responses to the graft in the recipient, and on the diagnosis of rejection that the increased use of transplantation is inevitable. One aspect of organ transplantation which has received little attention, however, is the need for laboratory support facilities, particularly clinical biochemistry
In contrast to the situation in renal transplantaservices, before, during, and after the operation. tion, the patient for liver transplantation will have It is particularly appropriate that this subject, been the subject of comparatively few clinical especially in relation to liver transplantation, should biochemical investigations by the time of operation, be considered now, because the latter half of this and also in contrast to the renal transplant patient, decade will probably see as rapid an increase in liver the liver recipient will be extremely ill at the time of transplantation as has occurred during the last five operation. These differences are because the renal years with renal grafting. Furthermore, liver trans-transplant patient will have been receiving haemoplantation makes a greater and more complex dialysis on an artificial kindey with regular biodemand on clinical biochemistry services than does chemical monitoring probably for some years before renal transplantation, and may well create more operation, thereby having been returned to a normal service needs than any other organ transplant.
healthy state. No such artificial organ exists for those The first liver transplantation operations on hu-in liver failure. The contrast in biochemical workmans took place during 1963 in France and America load is reversed at surgery, because the biochemical (Demirleau et al., 1964; Moore et al., 1964;  Starzl support services for renal grafting are almost nil. et al., 1964) , though the first recorded animal experi-
The extent and nature of the biochemical services ments had been performed several years previously required during liver transplantation pose special (Welch, 1955) . In the same way that this first animal and possibly unique problems for the clinical experiment had taken the form of the provision of biochemist because of the rapidity with which it is an accessory liver, so the earliest human transplants essential to obtain results and the long period of were also heterotopic. These procedures, however, time (usually outside normal working hours) for did not result in extended survival. The more drastic which the services must be available. Figure 1 shows orthotopic transplant procedure-that is, replace-the schedule of biochemical support services now 14 provided for an uneventful hepatic transplant. This schedule has been arrived at over a period of two years and about 10 transplant operations; the earliest operations tended to be more intensively monitored. The baseline pre-operative investigations can sometimes be carried out as non-urgent investigations if the recipient arrives at the hospital in good time. Many of the postoperative investigations, which may have to continue at hourly or two-hourly intervals for up to 12 or 24 hours, also present little problem as some of those specimens will be collected during normal working hours and merely require immediate processing as an urgent sample. Two problems arise from the length of the operation. Firstly, the clinical biochemistry support has to be provided outside normal working hours. The operation can take place at night only, when the theatres are free and all the necessary ancillary personnel are available for perhaps 10 hours or more. Secondly, up to five biochemistry technicians will be required to cover the operation and the immediate postoperative period. It is imperative that this out of hours work does not in any way conflict with the normal emergency service of the laboratory and, therefore, technical staff other than the normal emergency duty technician(s) must be found. This is sometimes a difficult managerial exercise because the technicians required have, of necessity, to be highly experienced, and their presence in the laboratory metabolism. If there had been absolute correction of the acidosis intra-operatively, an alkaline state which was difficult to correct would become established postoperatively. The present practice is to give 20 mmol of sodium bicarbonate with each unit been times when the operation had to be carried out with less than this number oftechnicians. If arrangements for the operation start in the evening, the pre-operative investigations may have to be carried out by the normal emergency duty technician while additional help is being found.
The necessity for such intensive monitoring arises mmol/I because of the severe blood losses which may occur, and the placing in the abdomen of the recipient of a large ice-cold organ in which some anaerobic metabolism will have taken place. The average blood loss in the first 27 patients was 6.5 litres, though losses as high as 18.5 litres have been recorded (Farman et al., 1974) . Although blood replacement , , is with fresh blood wherever possible stored blood ,:~I:s may have to be used, and the risk of temporary mmol/I D hyperkalaemia as well as citrate intoxication thereby increased (Bunker, 1966) . During the short periods while the donor liver is being cooled, and to a lesser extent during the actual storage period, metabolism proceeds; hydrogen ions accumulate and the cell wall may become permeable to potassium. The release of these hydrogen and potassium ions into the general circulation of the recipient together with a cooling effect from the donor liver could have disastrous results on the cardiovascular system, and although the hazard can be minimised by flushing the liver before revascularisation, it is essential to monitor the patient's acid-base status and plasma potassium. Blood glucose also requires monitoring as an unknown amount of glycogen utilisation will have occurred in the liver during storage with resultant hypoglycaemia; or hyperglycaemia is possible because of inappropriate dextrose infusion or massive blood replacement with acid-citratedextrose transfusion blood. Completion of the anastomosis can be identified by the sharp rise in potassium and decrease in base excess for each of the three patients shown. The blood glucose concentration ( fig. 4 ) in this particular patient followed a comparatively uneventful course, although the levels were somewhat higher than was desirable due to over-infusion at the time of a cardiac arrest, illustrating the necessity for constant monitoring. The slight metabolic acidosis normally present throughout the operation is due in part to the large amounts of blood transfused, and even if fresh blood is available this will still be slightly acid (Mollison, 1961) . In the early liver transplants. 10 mmol of sodium bicarbonate were given with each unit of blood plus further bicarbonate to correct completely any remaining acidosis, but as the donor liver achieved full function a metabolic alkalosis developed, presumably due to citrate and lactate of blood with no further correction unless a serious disturbance occurs.
Immediately after the operation, intensive monitoring of the major homeostatic processes is essential. These include salt and water, acid base, blood glucose, and calcium, together with the clotting mechanism. In addition, it is necessary to assess the function of the donor organ and also other essential organs of the recipient. Our usual practice is hourly acid base, plasma electrolyte, urea, and blood glucose determinations for the first six hours and thereafter at two-hourly intervals until some 12 hours has elapsed after the operation. Plasma calcium is measured from time to time during this period. Biochemical monitoring is then reduced to a once-daily investigation by 48 hours after the operation. This then continues for some weeks until the patient is well enough to be discharged home.
The longer term postoperative folIow-up of patients involves the continuing assessment of allograft function, monitoring for possible rejection, and occasional investigation of other vital organs and homeostatic processes which might be affected by the immunosuppressive therapy or postoperative complications. All of these demands can be met from the usual repertoire of tests provided by the clinical biochemistry laboratory, though some smalI extension of the tests available on a 24 hour basis may be necessary as the routine liver function tests are performed daily for about one month. The diagnosis of allograft rejection is of particular importance in liver transplantation because, unlike the kidney, there is no possibility of the patients' life being maintained in the event of graft failure by their receiving support from an artificial organ. There has not been sufficient experience with liver transplantation to permit the suggestion of anyone test, or even group of tests, which would be infallible in diagnosing rejection. Therefore, it remains for the clinician in charge of the patient to diagnose rejection from the composite picture which is provided to him by all branches of pathology.
Hepatic allograft function assessment can be subdivided into the four roles fulfilled by the organ: an anabolic function, a role in intermediary metabolism, the production and excretion of bile, and glycogen storage. For the ultimate survival and welI-being of the patient, the liver's anabolic role-for example, synthesis of clotting factors and albumin-is of prime importance. While serum protein studies constitute a valuable determinant of anabolism, the measurement of plasma cholinesterase is more sensitive (Evans and Lehmann, 1971) . Although it is not conveniently possible to assess either intermediary metabolism nor glycogen formation and storage directly, a measure of the patient's blood 17 glucose concentration is helpful for the latter of these actions of the liver, and the former function can be assessed indirectly from a knowledge of the plasma urea concentration taking into account renal function. The fourth role of the liver, the formation and excretion of bile, is more readily measured as each patient has aT-tube in the common bile duct, and the serum bilirubin concentration and alkaline phosphatase activity give an indication of specific biliary excretion functions. Other serum enzyme tests-for example, the transaminases, are helpful indicants of tissue damage such as may occur in allograft rejection.
DISCUSSION
Liver transplantation is a surgical procedure which at this time provides the only possible means of survival for certain patients. The role of the clinical biochemistry laboratory in this procedure and in the postoperative support is considerable. At the time of operation a minimum of 20 technicianhours is called for and in the immediate postoperative period a wide range of routine clinical biochemistry investigations must be performed daily. In addition to the physical work-load considerations, the financial implications must be recognised. The cost of such a service commitment and the provision of funds to support it need to be established before the facility is introduced in any individual hospital. This is particularly important because once such a procedure becomes available, its effects on the laboratory are cumulative. Another aspect of the introduction of some new clinical commitment which is often overlooked is the additional clerical workload. For liver transplantation this is considerable. In the first 28 days of admission of the most recent, and by no means unusual case, 142 samples were received in the biochemistry laboratory and upon these samples, which consisted of blood in a variety of forms, urine and faeces, some 584 different tests (urea and electrolytes, liver function tests, or acid base studies each being counted as one test) were performed. Another noteworthy factor is that some or all of these samples carry a high risk of infection. The total volume of blood from that one patient which passed through the biochemistry laboratory in those 28 days was 775 mI. Nonetheless, despite these cautionary considerations it should also be recognised that participation in such a programme of clinical endeavour is rewarding and gratifying to those who take part.
The history of liver transplantation, albeit rather short, has been recorded earlier and while there has been considerable progress on many of the problems during this time, there still remain many fields upon which answers need to be found (Lancet, 1974) . The clinical biochemist is well situated to participate in this work, particularly on the evaluation of new tests for the diagnosis of rejection or impaired function of the allograft. There is, as well, considerable need for further research on the means of preserving the organ between removal from the donor and insertion into the recipient. It is desirable that the preservation period be extended to at least 12 and possibly 24 hours, because to attain maximum irnmunochemical compatibility, transport of the donor organ over long distances is a necessary part of an expanding programme.
The successful pursuit of a world-wide liver transplant programme requires considerable participation from the clinical biochemistry laboratories. For this to be brought about, the personal involvement of the laboratory staff and an understanding on their part of the problems which face other people participating in the work is as essential as is the appreciation by the surgeon of his dependence on the laboratory.
It is a pleasure to record the willing cooperation which the technical staff of the Biochemistry Department, Addenbrooke's Hospital have provided in supporting transplant operations and without which the writing of this paper would not have been possible.
